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Introduction: 
Antarctic expeditions return more and more 
meteorites [1], which have to be classified. 
Statistically most of them are ordinary chondrites [2]. 
The classification of ordinary chondrites is based on 
at least two analytical steps: chemical composition 
and petrography [3]. The composition of olivine and 
low-Ca pyroxene, especially molar contents of 
fayalite (Fa) and ferrosilite (Fs), is sufficient to 
assign them to H, L, or LL grouping. Analysis of 
these minerals is commonly performed with 
expensive and time-consuming techniques, such as 
electron microprobe (EMPA) or quantitative 
energy-dispersive x-ray spectroscopy (EDX) by 
scanning electron microscopy (SEM), in comparison 
with standards and mineral formula recalculation. 
These analytical techniques require specific sample 
preparation, which includes fine polishing of the 
surface and carbon coating, and exceptional 
operation condition, such as high vacuum. 
Petrographic observations are made in both reflected 
and transmitted light on polished thin sections. 
In this work, we propose to use Raman 
spectroscopy for the compositional characterization 
of ordinary chondrites instead of electron microscopy. 
Raman spectroscopy has been already used for 
meteorite characterization, but mostly for possible in 
situ analyses of lunar and martian rocks e.g., [4] and 
[5]. Here, we present a calibration curve for olivine 
composition evaluation by Raman spectroscopy for a 
Type 3 meteorite. The method has been tested on a 
few meteorites already classified with the usual 
procedure, and gives consistent results for olivine 
composition. 
Sample description and methods: 
A Type 3 ordinary chondrite that provides a 
wide range of possible olivine composition in 
meteorites has been chosen for the calibration. 
Olivine in 16 chondrules was analyzed with at least 3 
and 5 point-analyses per chondrule for Raman and 
EDX respectively (Fig. 1). 
For Raman spectroscopy two instruments have 
been used. The first is a confocal Raman microscope 
LabRAM HR Evolution (HORIBA Scientific), 
equipped with a multichannel air-cooled CCD 
detector (spectral resolution <1cm-1, lateral 
resolution 0.5µm, axial resolution 2µm), with a 
solid-state laser corresponding to green light 
(532nm), at the Vrije Universiteit Brussel (VUB). 
The second is a SENTERRA Dispersive Raman 
Microscope (BRUKER), equipped with a 
thermoelectrically cooled CCD (ANDOR 
DU420-OE) with a spectral resolution of ~9 cm-1 in 
the 100-4000cm-1 range (50x1000µm slit) and a 
continuous automatic calibration (0.1cm-1 accuracy) 
with a solid-state laser corresponding to green light 
(532nm) at 2mW for excitation at the Royal Belgian 
Institute of Natural Sciences (RBINS). The Raman 
spectra have been processed in Microsoft Excel, 
filtered for automatic peak detection [6] and for 
average and standard deviation calculation. 
 
Fig. 1. Scan of the selected polished thin section used for 
the Raman calibration. The analyzed chondrules (ch) are 
marked. The number of points (pp.) refers to Raman 
spectroscopy. 
The composition of olivine in the selected 
chondrules was determined with a FEI-Inspect-S 
SEM at the RBINS, equipped with back-scattered 
electron and EDX detectors. The quantitative 
analyses were calibrated by comparison with olivine 
standards from the series MINM 25-53 of the 
Astimex Scientific Limited. 
Calibration curve for olivine: 
The typical Raman spectrum of olivine (Fig. 2) 
presents two major peaks with Raman shift of ~818 
and ~846 cm-1 in green light for standard fayalite [7]. 
Between the olivine end-members fayalite and 
forsterite, the Raman shift of these two peaks seems 
to have a linear correlation with the Fa content [5]. 
We focused on these peaks and evaluated the average 
Raman shift in each chondrule. The standard 
deviation of Raman shift in a chondrule (at least 3 
measurements) is less than 0.06%. Figure 3 shows 
the correlation between the average Fa content and 
the respective Raman shift of the selected peaks in 
the investigated chondrules. The standard deviation 
for olivine composition as determined by quantitative 
EDX analysis on 5 grains per chondrule corresponds 
to less than 2%. The range of Fa content is limited to 
0-50 in the investigated Type 3 chondrite (Fig. 3). 
Nevertheless, this portion of our correlation curve is 
consistent with data in literature (e.g., Fig. 8a in [5]). 
 
Fig. 2. Raman spectrum for a standard sample of fayalite 
[7]. 
 
 
Fig. 3. Correlation between the average Fa content and 
the wavelength shift of the two major Raman peaks for 
olivine. The error bars represent the standard deviation 
between measurements within the same chondrule. 
Reliability of the correlation curve: 
A preliminary check was performed on highly 
equilibrated ordinary chondrites, with negligible 
variation of Fa content in olivine. We compared the 
Fa content as determined by Raman spectroscopy 
with that calculated by EDX composition. Although 
only a few samples have been investigated, the 
technique has given results consistent with EMPA. 
A major concern about the reliability of the 
correlation curve is the presence of shocked olivine. 
Shocked olivine exhibits a Raman spectrum with a 
lower shift of the two characteristic peaks, 
progressively reaching the typical wavelength shift 
for ringwoodite, a high-pressure polymorph; e.g., [8] 
and [9]. In fact, the Raman spectroscopy has been 
extensively used to constrain shock metamorphism in 
olivine [10]. Although shocked olivine in our 
samples is generally localized along shock veins, 
which can be easily identified with the optical 
microscope, a check of the composition with electron 
microscopy might be necessary for shocked 
meteorites. 
Conclusions: 
The use of Raman spectroscopy is a promising 
alternative to electron microscopy for the chemical 
classification of ordinary chondrites. In particular, a 
correlation curve between the Raman shift of the two 
main peaks of Raman spectrum for olivine and the Fa 
content shows a way forward. This approach will 
also be applied to low-Ca pyroxene to evaluate the Fs 
content. Our long-term goal is to classify an ordinary 
chondrite by the use of Raman and optical 
microscopy. 
This technique does not require carbon coating 
of the sample, which should be cleaned for the 
petrographic observations, and in addition, the 
petrological type can be determined at the 
microscope at the same time as the chemical 
grouping, reducing the classification of ordinary 
chondrite to a single step process. 
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